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Introduction:

Recently I went to buy gas for my car. As a UCF student that commutes at least two days a week 120miles per trip from Daytona Beach to Orlando I find myself purchasing gas quite often. Needless to say I was forced to purchase the gas at $2.17 a gallon. I thought to myself as I am filling my car with gasoline, what happened from 6-months ago when I would have paid $1.50 for a gallon of gas versus what I am paying today. This is when I became interested in looking at what is driving these prices.

 
Is this a normal occurrence (the increase in gasoline prices), would the price subside to a more normal level at some point in the future, or was this the beginning of a permanent increase in gas prices. In order to answer these questions would be to look at the historical prices of a gallon of gas. To my dismay I found few sources that track gas prices and even less that provided legitimate data. So I decided to look for the next best thing, the one index that directly affects the price that the consumer pays daily for a gallon of gas, the spot prices of crude oil. Similar to the price of a gallon of gas many variables dictate what an investor pays for a barrel of oil. These variables are so numerous that it would be antiproductive to try to create a model that accounts for all of them, so we will simply try to answer our previous questions by creating  a parsimonious model to try to look at whether the price of a barrel of oil is going to increase, decrease or stabilize based on historical data.

This topic is important because the price of a barrel of oil affects the prices of everything. The price of a barrel of oil not only effects what you pay for a gallon of gas at the pump, but it also effects what you pay for everything else, food, cars, washing machines, Tupperware container, clothing, etc. Many of these goods have to be transported to a location to be purchased by you, the transportation costs which includes the cost of gasoline is included in the price of each good. The price of a barrel of oil also affects the world’s economies and specifically the stability, and or rate of growth of individual countries’ economies. It affects the world’s equity markets, bond markets and housing markets, as previously stated, it literally affects everything. 

A review of everything that I have read relating to spot oil prices, the majority which has been research performed by academics, focused on this very topic has been such that  one would assume that OPEC, the Oil and Petroleum Exporting Countries cartel control oil spot prices in most of the world’s oil markets, simply due to the fact that they supply almost half of the world’s oil. This assumption has been proven to be a fallacy by these same researchers who have looked at the correlation between oil spot prices and OPEC’s policy changes. The belief that there is no significant correlation is due to one of many factors, the most dominant variable being that OPEC member countries, if profits are at stake, undercut each other in the sale of oil at spot prices regardless of the official price set by the  OPEC. There has been a lot of research performed on the changes in oil spot prices in relation OPEC, social changes, legal changes, regime changes changes in the weather, and the list goes on. All of these variables have been shown to have some effect, from mild to strong, with none of them overwhelmingly directly affecting oil spot prices.  
Plan 

The plan for my paper is to create a model that is capable of forecasting spot prices of oil for the next two years, based on historical data of oil spot prices. I am proposing that it is possible to forecast to some extent the spot prices for oil. This is obviously devoid of any major shocks to the price of oil caused by war, or any other major political, economic, social, and technological changes that could occur without notice that would drastically impact the price of a barrel of oil.


My plan for building my forecast model is quite simple. First I am going to get a complete data set from an informative, legitimate website with a history of tracking oil spot prices accurately. When I get this data I will look through it thoroughly and scan for any missing bits of information or abnormalities in the data. When this has been done I then plan to plot a simple graph of my data. This will be performed using the EViews function for graphing data using the x variable as time and the y variable for the actual data. It is necessary to graph the data to get a visual picture of the changes in the data and if there is any trend or cycles that can be seen.


Second, I need to create a trend model that closely matches my series. I will start with the basic linear trend model, then I will try the quadratic trend model and finally I will try an exponential trend model. Based on the model with the best fit or lowest AIC/SIC, I will then choose a model to use.  


Third , I will graph the data I am going to look at my series to see if it is stationary or not. With experience it is possible to get an idea of stationarity in the series by looking at the graph, but the best way to test for stationarity is to run a unit root test on the series. Stationarity is a necessity for creating a model with good forecasting abilities because if the series is not stationary then all of the data is truly random and therefore nonforecastable.  I will test for stationarity by running a unit root test on the series. The unit root test that I plan to run is an Augmented Dickey Fuller test. This test based on the ADF test statistic and the critical value and the hypothesis assumption that  a unit root exists and this t-statistic gives us evidence to support its existence or not. In the case of an existence of a unit root we would reject the null hypothesis that a unit root exists. This is proven when the t-statistic is less than or to the left of the critical value. The inverse of this definition is also true and would suggest nonstationarity and would deem the series unforecastable. 

Fourth , If after running my unit root test, my series still appears to nonstationary then I will need to take the first difference of the series and rerun the unit root test once again. At this time my model should then be stationary and thus ready to be used to build a model with fairly good forecasting qualities. 


Fifth, I will then create a Box-Jenkins Model or ARMA model to find the AR or auto regressive portion of the series that is linearly related to the past values. This is known as a lag and it is important to see how far back in a series a particular data point affects a current data point. The number that best represents the effect of displacement of the current value is known as (p). In the ARMA model you also have to find the MA or moving average portion of the series this is the portion of the current value in series is expressed as a function of current and lagged observable shocks. In the case of the MA portion of the series the number that best represents the function of current and lagged unobservable shocks is known as the(q). ARMA are look at in terms of the (p,q) for a building a good model.  After finding the best ARMA(p,q) then I am able to take this information and build a model that best mimics the current series and provides a reasonable estimate or forecast of the near future. 


Finally, I will use the ARMA(p,q) to create my model. I am going to test my model by performing an in sample forecast to see how closely my model mimics reality. After the production of a reputable in sample forecast I will begin the process of attempting to forecast for the next two years of oil spot prices. 

Analysis 

First I am going to get a complete data set from an informative, legitimate website with a history of tracking oil spot prices accurately. The site that I used was the United States Governments’ Department of Energy information administration’s website. I took the data directly from the site’s US crude oil database. I then looked through the dataset to  scan for any missing bits of information or abnormalities in the data. I was surprised to have found quite a few. The data was in terms of daily spot prices from a business workweek so there were some abnormalities in terms of public holidays, and unforeseen events. When this was completed I plotted a simple graph of the data (shown in appendix as figure 1).  The data has been graphed with the x variable indicating daily data over years and the y variable as prices , or simply daily price over a period of a little under 21 years. 

Second, I will create a trend model that closely matches my series. I will start with the basic linear trend model, then I will try the quadratic trend model and finally I will try an exponential trend model. Based on the model with the best fit or lowest AIC/SIC, I will then choose a model to use. (shown in appendix as figure2)  I chose to use the log of the data because it is in dollars, and I will convert it back when performing my final forecast. I also chose the exponential trend model because it had the lowest AIC/SIC.  


Third, after I graphed the data using the exponential trend model, I ran a stability test to look at the fit of my data into the model.(shown in appendix as figure3)  I am now going to look to at my data to see if it is stationary or not. The series appears to be non stationary and by running an Augmented Dickey Fuller or unit root test (shown in appendix as figure 4) it is clear to see that by looking at the test statistic, which is to the right of the critical values that my series is indeed  nonstationary. 


Fourth, I must now attempt to make my series stationary by taking the first difference of the series. The equation for this is loil-loil(-1). The outcome series is called Oildiff and the unit root test for this gave me the outcome. (shown in appendix as figure 5). I now have a series that it stationary.


Fifth, I can now perform my Box-Jenkins Model, and find my ARMA(p,q).The Box-Jenkins Model. (shown in appendix as figure 6). I am going to look at up to an ARMA(3,3). Based on my Box-Jenkins Model it appears that my ARMA with the lowest approximations. This would be ARMA(1,0) When looking at the residuals of this ARMA, I can see that I am left with nothing but white noise, which is evident in the view of my correlogram. (shown in appendix as figure 7)  

Finally, I can begin my forecasting by using the ARMA(1,0) model. The regression equation that I will use for my forecasting in log(oil)=c time ar(1). The initial forecast is performed in sample with 1.96 standard errors to test for viability. Figure 8. shows the history and forecast within 1.96 standard errors, figure 9 shows the history, actual occurrence, and forecast within 1.96 standard errors. The last figure 10 attempts to forecast for 2years or 24 months out of sample, with the initial giving the history and forecast within 1.96 standard errors.

After the completion of my analysis, the method chosen to build this model was to start with an exponential trend model. This model allowed me to more accurately track the real changes of oil spot prices over the years. I then used the first difference of the log of oil prices because the prices were in dollars and secondly because the series was unforecastable or non stationary in its original form. The advantages of using the first difference of the log was that this series then allows for forecast ability. The disadvantage was that my first difference of the log of the series did not resemble to original series when graphed and tended to create some confusion for me.
Conclusions


In conclusion through the use of statistical analysis I have found that oil spot prices tend to have remained in the range of $10 dollars a barrel to $30 dollars a barrel in the first 14 to 15 years of this data with a gradual increase in price, but sometime after 1999 the price range increased to between $25 dollars a barrel to $40 dollars a barrel and have been increasing consistently ever since. This will mean a gradual continual increase in the price of a barrel of oil for many years to come.

What the reader should learn from my term paper is that is extremely difficult to forecast oils spot prices or perform a point forecast. The best that may be accomplished is that one would be able to forecast spot prices within a range or an interval forecast, and this may only be due to the fact that there are forces in governments of many countries and OPEC, the largest oil producing group in the world, that artificially suppress prices in order to sustain the longevity of the oil markets. In either case we do not actually pay market prices for oil. The fact that we don not pay the true market price for suggests to me that if we were to have to, the spot price for a barrel of oil would be drastically higher. The one bright spot is that although it is almost impossible to forecast the actual  spot price of a barrel of oil, it is possible to some degree to forecast the direction of price changes, which would be of excellent  use in some types of hedging strategies. The implications of this research is that the chances of my having to pay even higher prices for gasoline in the near future are very high due to the dominant overall trend of increases and that it will likely not increase drastically as we saw in the past 7years.   

Appendices
(FIGURE 1) 
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(Figure 2)
	Dependent Variable: OIL

	Method: Least Squares

	Date: 06/20/05   Time: 17:19

	Sample(adjusted): 1/02/1986 2/18/2005

	Included observations: 4907

	Excluded observations: 85 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	13.79711
	0.178270
	77.39446
	0.0000

	TIME
	0.003640
	6.22E-05
	58.53598
	0.0000

	R-squared
	0.411268
	    Mean dependent var
	22.82002

	Adjusted R-squared
	0.411148
	    S.D. dependent var
	8.175150

	S.E. of regression
	6.273341
	    Akaike info criterion
	6.510903

	Sum squared resid
	193035.3
	    Schwarz criterion
	6.513551

	Log likelihood
	-15972.50
	    F-statistic
	3426.460

	Durbin-Watson stat
	0.010414
	    Prob(F-statistic)
	0.000000


	Dependent Variable: OIL

	Method: Least Squares

	Date: 06/20/05   Time: 17:23

	Sample(adjusted): 1/02/1986 2/18/2005

	Included observations: 4907

	Excluded observations: 85 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	21.60292
	0.221155
	97.68212
	0.0000

	TIME
	-0.005792
	0.000206
	-28.18146
	0.0000

	TIME^2
	1.89E-06
	4.00E-08
	47.40627
	0.0000

	R-squared
	0.596280
	    Mean dependent var
	22.82002

	Adjusted R-squared
	0.596116
	    S.D. dependent var
	8.175150

	S.E. of regression
	5.195463
	    Akaike info criterion
	6.134060

	Sum squared resid
	132372.9
	    Schwarz criterion
	6.138033

	Log likelihood
	-15046.92
	    F-statistic
	3621.520

	Durbin-Watson stat
	0.015183
	    Prob(F-statistic)
	0.000000


	Dependent Variable: LOIL

	Method: Least Squares

	Date: 06/22/05   Time: 11:26

	Sample(adjusted): 1/02/1986 2/21/2005

	Included observations: 4992

	Excluded observations: 1 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	2.728527
	0.006859
	397.7925
	0.0000

	TIME
	0.000140
	2.38E-06
	58.65027
	0.0000

	R-squared
	0.408056
	    Mean dependent var
	3.076931

	Adjusted R-squared
	0.407938
	    S.D. dependent var
	0.314894

	S.E. of regression
	0.242297
	    Akaike info criterion
	0.003097

	Sum squared resid
	292.9525
	    Schwarz criterion
	0.005707

	Log likelihood
	-5.729618
	    F-statistic
	3439.854

	Durbin-Watson stat
	0.011369
	    Prob(F-statistic)
	0.000000


(Figure 3) 
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(Figure 4) 
	ADF Test Statistic
	-1.844441
	    1%   Critical Value*
	-3.4348

	
	
	    5%   Critical Value
	-2.8626

	
	
	    10% Critical Value
	-2.5674

	*MacKinnon critical values for rejection of hypothesis of a unit root.

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller Test Equation

	Dependent Variable: D(LOIL)

	Method: Least Squares

	Date: 06/22/05   Time: 12:04

	Sample(adjusted): 1/09/1986 2/21/2005

	Included observations: 4982

	Excluded observations: 6 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	LOIL(-1)
	-0.002150
	0.001165
	-1.844441
	0.0652

	D(LOIL(-1))
	-0.013119
	0.014193
	-0.924296
	0.3554

	D(LOIL(-2))
	-0.042299
	0.014163
	-2.986624
	0.0028

	D(LOIL(-3))
	-0.061923
	0.014160
	-4.373058
	0.0000

	D(LOIL(-4))
	0.014795
	0.014186
	1.042923
	0.2970

	C
	0.006778
	0.003604
	1.880739
	0.0601

	R-squared
	0.006919
	    Mean dependent var
	0.000148

	Adjusted R-squared
	0.005921
	    S.D. dependent var
	0.025850

	S.E. of regression
	0.025773
	    Akaike info criterion
	-4.477755

	Sum squared resid
	3.305362
	    Schwarz criterion
	-4.469910

	Log likelihood
	11160.09
	    F-statistic
	6.933524

	Durbin-Watson stat
	1.999179
	    Prob(F-statistic)
	0.000002


(Figure 5) 
	ADF Test Statistic
	-34.39949
	    1%   Critical Value*
	-3.4348

	
	
	    5%   Critical Value
	-2.8626

	
	
	    10% Critical Value
	-2.5674

	*MacKinnon critical values for rejection of hypothesis of a unit root.

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller Test Equation

	Dependent Variable: D(OILDIFF)

	Method: Least Squares

	Date: 06/22/05   Time: 12:16

	Sample(adjusted): 1/10/1986 2/21/2005

	Included observations: 4987 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	OILDIFF(-1)
	-1.153607
	0.033536
	-34.39949
	0.0000

	D(OILDIFF(-1))
	0.139620
	0.029681
	4.704023
	0.0000

	D(OILDIFF(-2))
	0.093302
	0.025113
	3.715350
	0.0002

	D(OILDIFF(-3))
	0.028301
	0.020165
	1.403499
	0.1605

	D(OILDIFF(-4))
	0.041227
	0.014157
	2.912076
	0.0036

	C
	0.000170
	0.000365
	0.465449
	0.6416

	R-squared
	0.509901
	    Mean dependent var
	-1.24E-06

	Adjusted R-squared
	0.509409
	    S.D. dependent var
	0.036761

	S.E. of regression
	0.025748
	    Akaike info criterion
	-4.479683

	Sum squared resid
	3.302315
	    Schwarz criterion
	-4.471845

	Log likelihood
	11176.09
	    F-statistic
	1036.450

	Durbin-Watson stat
	2.001780
	    Prob(F-statistic)
	0.000000


(Figure 6) 
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(Figure 7) 
	Date: 06/22/05   Time: 14:36

	Sample: 1/02/1986 6/07/2005

	Included observations: 819

	Autocorrelation
	Partial Correlation
	
	AC 
	 PAC
	 Q-Stat
	 Prob

	       *|.      |
	       *|.      |
	1
	-0.100
	-0.100
	8.2195
	0.004

	       .|.      |
	       .|.      |
	2
	0.021
	0.011
	8.5871
	0.014

	       .|.      |
	       .|.      |
	3
	-0.003
	0.000
	8.5968
	0.035

	       .|.      |
	       .|.      |
	4
	0.048
	0.048
	10.475
	0.033

	       *|.      |
	       *|.      |
	5
	-0.082
	-0.073
	15.973
	0.007

	       .|.      |
	       .|.      |
	6
	-0.001
	-0.017
	15.974
	0.014

	       .|.      |
	       .|.      |
	7
	-0.001
	0.000
	15.974
	0.025

	       *|.      |
	       *|.      |
	8
	-0.084
	-0.087
	21.812
	0.005

	       .|.      |
	       .|.      |
	9
	0.017
	0.008
	22.054
	0.009

	       *|.      |
	       *|.      |
	10
	-0.065
	-0.067
	25.620
	0.004

	       .|.      |
	       .|.      |
	11
	0.010
	-0.005
	25.696
	0.007

	       .|.      |
	       .|.      |
	12
	-0.024
	-0.016
	26.193
	0.010

	       .|.      |
	       .|.      |
	13
	0.031
	0.013
	27.016
	0.012

	       .|.      |
	       .|.      |
	14
	0.020
	0.032
	27.361
	0.017

	       .|.      |
	       .|.      |
	15
	0.024
	0.017
	27.835
	0.023

	       .|.      |
	       .|.      |
	16
	0.006
	0.003
	27.862
	0.033

	       .|.      |
	       .|.      |
	17
	0.014
	0.011
	28.029
	0.045

	       .|.      |
	       .|.      |
	18
	-0.015
	-0.023
	28.208
	0.059

	       .|.      |
	       .|.      |
	19
	0.027
	0.028
	28.827
	0.069

	       *|.      |
	       *|.      |
	20
	-0.073
	-0.074
	33.271
	0.032

	       .|.      |
	       .|.      |
	21
	-0.014
	-0.025
	33.447
	0.041

	       .|.      |
	       .|.      |
	22
	-0.051
	-0.050
	35.635
	0.033

	       .|.      |
	       .|.      |
	23
	0.007
	-0.002
	35.671
	0.045

	       .|.      |
	       .|.      |
	24
	-0.010
	0.006
	35.758
	0.058

	       .|.      |
	       .|.      |
	25
	0.026
	0.022
	36.327
	0.067

	       .|.      |
	       .|.      |
	26
	0.035
	0.040
	37.340
	0.070

	       .|.      |
	       .|.      |
	27
	0.012
	0.017
	37.471
	0.087

	       .|.      |
	       .|.      |
	28
	0.013
	-0.001
	37.608
	0.106

	       .|.      |
	       .|.      |
	29
	-0.050
	-0.053
	39.726
	0.089

	       .|.      |
	       .|.      |
	30
	0.002
	-0.029
	39.728
	0.110

	       .|.      |
	       .|.      |
	31
	-0.046
	-0.046
	41.547
	0.098

	       .|.      |
	       .|.      |
	32
	-0.014
	-0.034
	41.710
	0.117

	       .|.      |
	       .|.      |
	33
	-0.002
	0.005
	41.713
	0.142

	       .|.      |
	       .|.      |
	34
	0.009
	0.012
	41.790
	0.168

	       .|.      |
	       .|.      |
	35
	-0.052
	-0.038
	44.118
	0.139

	       .|.      |
	       .|.      |
	36
	0.008
	0.004
	44.174
	0.165


(Figure 8) 
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(Figure 9) 
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